This report summarized activities of the TENORM task group of the FNCA held in Thailand during August [23][24][25][26][27] 2004. TENORM inventory, regulations and laws, and the country specific problems are also included in this report. Groups of industries lead to enhanced occupational and public exposure to TENORM in Thailand included oil and gas exploration and production, metal production i. e. tantalum, niobium, tin, and rare earths, cement production, steel refinery, water treatment, coal and coal power production, chemical fertilizer, and residues from past activities with various range of capacity. Waste volume generated and TENORM activity concentrations in waste were estimated based on information from various reports and data. TENORM waste volume generated was estimated 150, 000 ty-with activity concentration ranges from 0. 14-1. 3 Bqg-1 of 226Ra. Thailand has no regulation directly control of NORM and TENORM. However, article 2 of the Thai Ministerial Regulation No. 5 BE. 2516 (1973 clarified: any materials that contained uranium oxide (U308) or thorium oxide (Th02)/ or uranium oxide and thorium oxide at concentrated level more than 15% of the original ore element will be accounted as radioactive source materials. Practical guidance based on BSS No. 115 must be applied on all activities dealing with those materials. The specific problems of the country for controlling TENORM are the lack of: understanding on TENORM sources, information on location and extent of existing TENORM sites, safely and economically guidance on controlling exposure to TENORM, information distribution and cooperation network, and a suitable and correct method on sampling and measurement of TENORM. were intended to apply to the products of nuclear reactors. In these devices, extremely high levels of radioactivity are found as the by-product of nuclear fission. National governments have been hesitated to get involved in the regulation of those materials, which contain radioactivity encountered within the natural environment. On the other hand, the exposure of human beings to ionizing radiation from all sources is of great concern to those authorities dealing with public health and workers. As quoted in the 11th International Congress of the International Radiation Protection Association in Madrid, Spain during May 23-28, 20042); pressed by a WHO Expert committee by the end of the years fifties concerned about genetic effects that might be produced in humans due to the use of ionizing radiation in medicine, science and technology. It was expected that the study of human populations exposed to relatively large amount of background radiation i. e. of the order of 10 mSv y-1 would bring untapped information on radiation induced mutation and their fate. The obvious population to be studied were those living in high altitude areas, for example; Cerro Pasco, Peru (4.3km, 10 S lat.); Lhasa, Tibet (3.7km, 10N lat.); La Paz, Bolivia (3. 6 km, 16 S lat.); * 1 Office of Atoms for Peace, Thailand.
Naturally occurring radionuclides means radionuclides that occur naturally significant on earth. These include the primordial radionuclides i. e. 235U, 238U, 232Th, and 40K. Tritium and 14C are also naturally occurring radionuclides because they can be produced by natural activation process by cosmic ray.
Historically in most countries, the rules and regulations governing the handling and storage of radioactive materials were intended to apply to the products of nuclear reactors. In these devices, extremely high levels of radioactivity are found as the by-product of nuclear fission. National governments have been hesitated to get involved in the regulation of those materials, which contain radioactivity encountered within the natural environment. On the other hand, the exposure of human beings to ionizing radiation from all sources is of great concern to those authorities dealing with public health and workers. As quoted in the 11th International Congress of the International Radiation Protection Association in Madrid, Spain during May 23-28, 20042); pressed by a WHO Expert committee by the end of the years fifties concerned about genetic effects that might be produced in humans due to the use of ionizing radiation in medicine, science and technology. It was expected that the study of human populations exposed to relatively large amount of background radiation i. e. of the order of 10 mSv y-1 would bring untapped information on radiation induced mutation and their fate. The obvious population to be studied were those living in high altitude areas, for example; Cerro Pasco, Peru (4.3km, 10 S lat.); Lhasa, Tibet This report summarizes Thailand inventory of the TENORM, current regulations and the country specific problems to be solved.
II TENORM INVENTORY IN THAILAND
The locations and extents of the TENORM in Thailand have never been studied. This should be one of national problems on controlling of TENORM. Since TENORM are produced by many industries in various amounts in a wide variety of products, Table 1 shows list of industries in Thailand that probable to generate the TENORM, its capacity and estimated waste. Waste produced was estimated based on information from various reports and data.
III REGULATION ON TENORM
Thailand has no regulation directly control of NORM and TENORM. Thai Ministerial Regulation No. 5 BE. 2516 (1973) laid down basic safety standards for the protection of workers and general public against the dangers arising from ionizing radiation which intended to apply to the products of nuclear reactors or artificial sources. However, the regulation was also applied to natural occurring radioactive sources if the natural occurring radionuclide materials would be proc- (2003) . These two regulations also were originally intended to apply to the products of nuclear reactors or artificial radioactive sources. The basis/concept of criteria/standard of the ministerial regulations are as follows:
1. Recommended dose limit The basic concept of the ministerial regulation 9 is the total integrated radiation dose to individuals from all sources must be minimized. The latest recommended dose limits given in the ministerial regulation is summarized as shown in Table 2. 2. Disposal and transport As specified in the regulation, 9 material contained NORM above the level shown in Table 3 is designed as NORM-contaminated and must be restricted on disposal and transport.
3. Disposal Disposed of NORM contaminated material either by land spread or discharge to bodies of water must follow the regulation of management of radioactive waste 10) ( Table 4 Note: Activity discharged not more than 1, 000, 000 Bq y-1.
Amount discharged not more than 3, 000 kg y-1.
Activity discharged not more than 100, 000 and 10, 000
Bqy-1 for 226Ra and 232Th, respectively.
National Fertilizer Public Company which also situates in the industrial park. The group was informed of the management problem of large amount of the by-product phosphor-gypsum or "stacks." The stacks have been compiled since the operation of the company eight years ago. Any decision on managing of these "stacks" could not be made due to the unclear policy on NORM and TENORM of Thai government authority. The company has no inventory of the stacks. The radioactivity of raw materials and the stacks is shown in Table 5 .
V SPECIFIC PROBLEMS TO BE ADDRESSED
The major problems for controlling TENORM in Thailand are the followings:
(1) Understanding of the sources of TENORM In the country, there is still no fully understanding of TENORM and all its potential risks to humans and the environment. The study of TENORM-producing industry in the country should be done to learn which aspects of the problem, what is in the waste form and how much risk they pose. There should be an individual report of each industry since some problems are unique to a given industry but some are common across all industries. Each report may contains the main information i. e. generation of TENORM by industry; content of the TENORM; ways that people could exposed to the TENORM from the industry; and how the industry handles or disposes of TENORM waste.
(2) Existing TENORM sites As mentioned before, the location and extent of existing TENORM sites have never been characterized. This caused a nation-ambiguous idea of the problem -where the wastes are; what is in them; and the risks they present. The study of existing TENORM sites in the country will provide information needed to select methods for estimating risks and the most economical ways to dispose of the TENORM.
(3) Lack of guidance Guidance for safely and economically controlling exposure to TENORM waste should be provided. Guidance should contain a listing of various types of minerals and sites, which might have associated TENORM radioactivity. It should also provide the advice for health and safety protection, as well as advice on how to conduct radiation site surveys, field sampling, clean up and monitoring.
(4) Information distribution and cooperation Since in the country there is still lack of understanding about TENORM, information should be developed and distributed through educational institutes, state agencies, environmental groups, and industrial sectors that are confronting the problem of TENORM. Cooperation or network among group associated with this problem should be set up. These activities will help the public more understandable and to deal with this problem more efficiently.
(5) Lack of suitable and correct method on sampling and measurement of TENORM Now Thailand has some knowledge to analyzed TENORM i. e. 222] n, 226Ra, 228Ra, 232Th and 238U and 235U but only in the laboratory. The experiences on sampling and field measurement are still lacked. All capability in these fields should be developed in the country especially at OAP, which have sufficient input such as nuclear scientists and nuclear instruments.
VI CONCLUSIONS
In conclusion, controlling of exposure from NORM and TENORM is a new issue for Thailand. Before issuing any regulation or guideline to regulate and/or advice any practice to NORM and TENORM, this problem should be studied and made understandable to the public. These could be done through the following approaches: understanding of the sources of TENORM; locate and characterize the existing TENORM sites; formulate the guidance on any practice on NORM and TENORM for health and safety protection; and develop and distribute information and formulate cooperation and/or network among group of relevant problem.
Currently, Thailand does not have any regulation for controlling radiation exposure specifically from NORM and TENORM. However, this topic has now received attention from international and national organizations which work concerning the safety of radiation i. e. International Atomic Energy Agency (IAEA), the International Commission on Radiological Protection (ICRP), and the Environmental Protection Agency of USA. (US. EPA). From this trend of the world, Thailand is now studying this problem for the most suitable practice on controlling of NORM and TENORM for the health and safety of its human beings and the environment. Table 5 Radioactivity in Phosphate Rocks, Phosphorgypsum and Natural Gypsum at NFPC."
